The function of the neural retina and the pigment epithelium in 10 patients with gyrate atrophy was examined by the conventional alternating current electroretinogram and by direct current electroretinography to study the c-wave. The a-and b-wave responses were subnormal in all patients and the ERG was undetectable in patients with an advanced stage of the disease. The c-wave was recordable by the DC ERG from three patients with a less advanced stage of the disease. In one patient the c-wave could be recorded only from the other eye but the a-and b-wave responses were recordable in both his eyes.
the c-wave. The a-and b-wave responses were subnormal in all patients and the ERG was undetectable in patients with an advanced stage of the disease. The c-wave was recordable by the DC ERG from three patients with a less advanced stage of the disease. In one patient the c-wave could be recorded only from the other eye but the a-and b-wave responses were recordable in both his eyes. Table I. The subjects were dark adapted for 30 minutes before the ERG recording. The pupils were dilated with 0 5% tropicamide (Oftan Tropicamide) which produced a dilatation of 7-8 mm. The other eye was covered. The recordings were performed with the subjects supine. Both eyes were examined in the same session, the right eye first. There was an additional 15 min dark adaptation between the recordings of the two eyes.
A photostimulator (Grass PS22) with a xenon flash lamp was used. The duration of the flash was 10 its and the maximum intensity (Kodak) . To obtain a near uniform illumination of the retina a full-field stimulator was used (LKC Systems Inc), which reduces the problems related to uncertain fixation. 12 13 The recordings were performed with a disposable corneal wick electrode described by Sieving et al'4 and slightly modified by us. The recording method is described in detail elsewhere.8 As no lid speculum was used, the subject was able to blink. The electrode was placed on the surface of the topically anaesthetised eye (0 4% oxybuprocaine hydrochloride, Oftan Obucain), where it settled above the margin of the lower lid. The electrode is well tolerated, and occasional blinking keeps it moist.
Beckmann's Ag-AgCl disk electrodes were used as ground (on the forehead) and reference (on the ipsilateral temple) electrodes. The preparations for the recording were performed in a darkened room with the help of a dim red slitlamp (luminance 2 cd/m2). The corneal potentials were amplified (amplification 1000) with an The patient was prepared for the recording as described above. A DC recording method was used which enabled the recording of the slow c-wave. A small red fixation light was lit inside the globe to help the patient maintain fixation for several seconds. The subjects were instructed to avoid movement and blinking during several seconds after the stimulus. The stimulus was a white flash with 10 log unit attenuation (intensity 0-394 pj/cm2). A prestimulus time of 0-96 second was provided for the recordings by the recording system, and the response to each stimulus was recorded for 10 seconds. No signal averaging was used to avoid contamination of the recordings by occasional traces containing eye blinks or eye movements. Several single responses were recorded. All recordings were performed in the morning.
Results AC ERG was performed in both eyes of eight patients (cases 1-5, 7, 9, and 10). In two patients (cases 6 and 8) only one eye was studied because their other eye had recently been operated on for cataract. When a-and b-waves were undetectable, no c-wave recording was attempted (cases 6-9). Thus the DC ERG was performed on six patients (cases 1-5 and 10).
The AC ERG was isoelectric in both eyes of two patients (cases 7 and 9), in the recorded eye of cases 6 and 8, and in one eye of case 3. The b-wave threshold was raised in all patients with measurable responses.
The results of the a-and b-wave recordings of those GA patients whose ERG was not isoelectric are listed in Table II together with the results of the normal recordings. The implicit times of the a-and b-waves were slightly delayed in GA patients in comparison with normal subjects, but the difference was statistically significant only for the cone mediated responses (statistical analysis was by Student's t test for independent samples) ( Table II) . The implicit time of the a-wave was significantly delayed in GA patients in comparison with normal subjects also in one test for mixed rod and cone mediated response (white flash without background illumination). In all recordings of the GA patients the a-and b-wave amplitudes were reduced. The difference in results between the GA patients and normal subjects was also statistically significant (nonparametric Wilcoxon test for independent samples) ( Table II) . Figure 1 shows an example of the normal recording. The responses of three patients (cases 2, 4, and 8) are illustrated in Figure 2A , B, C.
Gyrate atrophy ofthe choroid and retina: ERG ofthe neural retina and the pigment epithelium The c-wave was recorded in six patients (cases 1-5 and 10). In one patient (case 1) the DC W bgr recording failed. This 7-year-old girl could not avoid moving the eyes during the recording. In one patient (case 2) the c-wave was recordable in both eyes (Fig 3) . She was the second youngest (12 years) of the patients in this study. The W,bgr clinical ophthalmological findings of her eyes corresponded to stage I in the grading described by Takki'6 (Fig 4) . In the 16-year-old male (case 4) the c-wave was recordable from the right eye but not from the left (Fig 3) . This finding was verified by repeating the recordings the following day. The clinical ophthalmological findings 21 In the present study the ERG was undetectable in patients whose clinical ophthalmological findings corresponded to GA stages II-IV (cases 3 and 6-9) . The stage of the disease was less advanced in those patients who still had measurable responses in their ERG (cases 1-5 and 10).
Both rod and cone mediated a-and b-wave amplitudes were decreased in the ERG of these patients, indicating that the rod and cone systems are affected jointly in GA. Of the two young patients described by Berson et al'8 one had a markedly depressed ERG with rod responses more reduced than cone responses. Kaiser-Kupfer et a14 on the other hand did not report a difference in the degree ofimpairment of the two systems.
The c-wave was recordable in both eyes of the 12-year-old patient (case 2, stage I) of this study. In her AC ERG there was already a marked reduction in both cone and rod mediated responses. Of particular interest is case 4 (the 16-year-old male), in whose right eye the c-wave was still recordable but not in the left eye. The rod and cone mediated responses, however, were recordable in both eyes. In the DC ERG of case 10 (a 46-year-old male) a small positive deflection occurred in both eyes at a latency characteristic of the c-wave. The clinical picture of case 10 (stage II) indicates that his disease has progressed slowly and is an example of the heterogeneity of GA. The DC ERG findings of this study indicate that the c-wave can be recorded only at an early stage of the disease. Since Noell's observation that the c-wave disappears after the pigment epithelium is selectively destroyed9 several studies have supported the idea that the c-wave is in large part elicited by the pigment epithelium." 22 When retina is illuminated, there is a decrease in the extracellular levels of K+ around the photoreceptors which gives rise to a hyperpolarisation of the apical membrane and to a less extent of the basal membrane of the pigment epithelium.23
The retinal pigment epithelium maintains the photoreceptor cell homoeostasis. The light sensitive disc membranes in the outer segments of the photoreceptor cells are renewed normally throughout life. This process involves multiple steps,24 and a defect in one step may disturb the renewal mechanism and lead to cell abnormalities or cell death. The disappearance of the c-wave at an early stage of the disease is an indication of the disturbed function of the pigment epithelium.
To our knowledge this is the first time that any electrophysiological evidence of the function of the pigment epithelium in GA has been presented. The c-wave was detectable only in the early stages of the disease. In all patients with recordable c-waves the photoreceptor responses were subnormal. With clinical ERG it is not possible to determine whether the pigment epithelium is affected earlier in GA than the neural retina. However, in case 4 the absence of the c-wave in the other eye, in which a-and b-waves were still recordable, may be an indication that the functional disturbance originates in the pigment epithelium. 
